between the two genera, although the viromes were very similar among the three Culex 35 species studied, suggesting that host taxon plays a major role in structuring virus diversity. In 36 contrast, we found no evidence that geographic location played a major role in shaping RNA 37 virus diversity, and several viruses discovered here exhibited high similarity (95-98% 38 nucleotide identity) to those from Indonesia and China. Finally, using abundance level and 39 phylogenetic relationships we were able to distinguish potential mosquito viruses from those 40 present in co-infecting bacteria, fungi, and protists. In sum, our meta-transcriptomics 41 approach provides important insights into the ecology of mosquito RNA viruses. larger virome, including many viruses that are confined to these insects, such that they are 57 "insect-specific" (1, 2). Although these insect-specific viruses that have no direct impact on 58 public health, they may modulate the transmission of viruses that are pathogenic to 59 vertebrates (3). The development of metagenomic sequencing approaches has therefore led to 60 a re-evaluation of the mosquito virome, including the recent discovery of viruses in the 61 families , Rhabdoviridae (6, 9-11), Orthomyxoviridae (6, 12), Flaviviridae 62 (13-15), Mesoviridae (16), Reoviridae (8, 17) , as well as in the unclassified Chuvirus (6) and 63 Negevirus (18) groups. In addition, metagenomics surveys have discovered viruses in 64 families not previously known to infect mosquitoes, such as the Iflaviridae, Dicistroviridae, 65 Totiviridae, Chrysoviridae, and Narnaviridae (8, (19) (20) (21) (22) . Although these viruses have not 66 been isolated or characterized in vivo, their host association is supported by the presence of 67 related endogenous viruses in the genomes of various mosquito species (8). Hence, it is clear 68 that mosquitoes harbour a substantial viral diversity, the majority of which may not be 69 associated with vertebrates (1, 2).
70
Despite our expanding knowledge of the mosquito virome, there have been fewer 71 studies of ecological aspects of these viruses within their hosts (1). It has been suggested that 72 most of these newly discovered viruses share features that distinguish them from "classic" 73 human pathogens, including (i) an inability to infect vertebrates or vertebrate cell lines, (ii) a 74 high prevalence, (iii) prolonged host infection, and (iv) vertical transmission (1, 2, 23) . Based 75 on these features, these mosquito viruses have been referred to as "commensal" microbes (3). 76 In reality, however, little is known about their natural infection status (e.g. abundance, may be present within a specific host. 80 To reveal more of the natural ecology of mosquito RNA viruses we employed a meta-81 transcriptomics approach to characterise the entire RNA environment excluding ribosomal 82 RNA (rRNA) within a mosquito sample. Meta-transcriptomics has several advantages over 83 approaches such as cell culture, consensus PCR, and metagenomics methods based on viral 84 particle purification (24, 25) , and has proven successful in characterizing the RNA viromes of 85 diverse invertebrates (6, 8, 14, 20 contained fewer viruses than the Culex mosquitoes (Fig. 2) . Although the Ae.
138
camptorhynchus pool from South Guildford contained seven viral species, all were at low 139 abundance and of uncertain host association (see below). More striking was that the total 140 viral abundance was much lower in the Aedes pools (0.013 -0.391%) than the Culex pools 141 (4.508 -16.87%), an observation that was consistent across sampling locations.
142
The differences between the two mosquito genera were also reflected in the types of 143 the viruses they harboured (Fig. 3A) Negative-sense RNA viruses. We discovered eight putative negative-sense RNA viruses, 176 representing all the major taxonomic categories (Table 1) . Among these, six were related to 177 previously described mosquito viruses, while the remaining two viruses either grouped with a 9 fungi virus (WOLV1, Ophioviridae) or were of uncertain host association (WQLV, Qinvirus) 179 (Fig. 4) (10) (Fig. 4) , while CMLV1 and 2 grouped with Xincheng Mosquito virus in a 188 currently unclassified clade. Interestingly, CMLV1 had a bi-segment genome arrangement 189 that occurs only rarely in the Mononegavirales (37) (Fig. 4) (Fig. 4) , which suggested a potential association with Ae. alboannulatus. We also identified four viruses from the Narnaviridae (Fig. 5 ). Of these, Zhejiang Chrysoviridae (n = 2), Totiviridae (n = 1), Reoviridae (n = 1), and Partitiviridae (n = 3).
240
With the exception of the three viruses from the Partitiviridae, all these viruses were related 241 to those identified from mosquito or other arthropod hosts (Fig. 6 ). Hubei chryso-like virus 1 12 Revealing host associations. The total transcriptomes described here not only contained 252 virus transcripts, but also abundantly expressed host genes and those from other intra-host 253 microbes such as bacteria, archaea, fungi, and protists. To reveal the presence and diversity of 254 these microbes we searched within the assembled transcripts for the presence of abundantly 255 expressed marker genes of cellular organisms. In this way we were able to identify several 256 dominant microbes within the mosquito host: some were related to parasites known to cause 257 infections in humans (e.g. Leishmania), whereas others included intracellular symbiotic 258 bacteria such as Wolbachia strain wPip (Table 2) . Generally, the abundance levels of genes 259 from the (non-viral) microbes were orders of magnitude lower than those of the mosquito 260 hosts (Table 2 ). In addition, we identified a group of related fungi, which we termed 261 'Unknown sp1, 2, and 3', in three of the pools including both Ae. camptorhynchus and Cx. Ae. camptorhynchus and Cx. globocoxitus co-appeared with these fungi (Table 1 and immunological response, and perhaps ecological niche (45). The two mosquito genera also 14 exhibit a large discrepancy in virus numbers and abundance, which is robust across all 301 comparisons despite the relatively small sample size (Fig. 2) .
302
In contrast to the difference in viromes between genera, the Culex virome was 303 relatively homogenous among the species and across the regions sampled. Furthermore, a 304 number of the viruses discovered here were not only found in Western Australia, but also in 305 regional countries like China and Indonesia indicating that they infect hosts over a wide 
Cx. aus.
Cx. qui. 
